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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a leakage compensation 
motor controller which can make a motor present position 0m 
respond at a high speed even if a motor delay position 6n. which is 
a past value of the motor present position, is inputted to an 
observer. 

SOLUTION: There are provided a monitor 3 which monitors a state 
of a motor drive 2 and provides a motor delay position 0n delayed 
from a motor present position 9m, a delay compensating observer 6 [p^g^ 
which provides an estimated motor present position hGm according 
to the motor delay position 9n and a torque command Tref, and a 
first controller 5 which provides the torque command Tref 
according to a comman_d Gref arid the estimated motor present 
position hGm. 



•J 



7^ 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner s decision of 
rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



18.11.2004 



http://wwwl 9 jpdi.ncipi.go jp/PAl /result/detail/main/wAAAuTaa6tDA41 51 89658P1 .htm 2006/06/27 



mB^iimff (jp) 



<ii)»ffaiH4i»## 
#512003-189658 
(P2003-189658A) 
(43)£tBiB ¥«15^7^ 4 0(2003.7.4) 



(51)IntCl/ 






F I f-73-r(^) 


HO 2P 


5/00 




H 0 2 P 5/00 X 3 D 0 3 3 


B6 2D 


5/04 




B 6 2 D 5/04 5 H 0 0 4 


GO 5B 


13/02 




G 0 5 B 13/02 C 5 H 3 0 3 


GO 5D 


3/12 


3 0 5 


G 0 5 D 3/12 305V 5H550 








»*«0SC6 OL (^10 M) 


(21)fflSS^ 




4*Jg2001 -378i07( P2001 -3781 07) 


(71)fflSA 000008622 
























<72)a!?«« |« ^ 
























(72)||IH« H- 








miBIJR:ll::^mA«15KII««iS5 2 # 1 ^ 



















(54) [feiii<o««!] jiniiASffi««[ifli^is 
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•sbamaffi* Omit) mMzmwimmti^m. e n ir^ 

SfeSJSIB 3 t . fflEmtft^iitt&fi e n t milE h 
/W^ti^T r e f ti::S■^^^T«l^«i()«a^tficah 9 
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1 

1 ^^W)i-5^««E^«isis 2i:^t. mmmmm 

|gftl$|g2(^l;^ilasa^^^:S9mtlc:So•^^T h/u^jt 

0 m i U gixfc^iiiSlilixfig 0 n ?rffiet-r SmffiiJ 

r e f ^:(iSo'^^Tit^SI(J«a?£fitth dmi^m-r 
5iiiT;ft«:^7'lF-/<6i:. flfr^Jt^fl r e f tftfrism 

f ^»eti-5ml»J^«l^^e5 i:^{i^fcrt^#at■r 
[»*^2] ti^e r e f 5 ^^51^514 

h/V-^fg^Tr e f (rS<5l,NTA<^ 

igibKB2(Dm»i1S^Sfil:ftemi:»c:«-^v>T h/u^'lt 

r e f ^^mi-i>sixmmmw}mmmm.izis\.^ 
T, ^itifii^ii)i?ifi2co4^ffi?rma!it. ^(DnMimmt 

ne 3 i . tfjf enibSgtLffig 9 n i: Huie h ^ it^ T 
r e f i:(c:so•v^T^i^«^!)MM^^:eh Bmtm-^m 

fjlEfl^e r e f tBMtBit^^ftSSamiBh em 

e f ^gtt-r^.S2$iJ^i^fl7 iilrfli;tfcr i^ltiti: 

im*m 31 e r e f ^S^ti-;^ Jg^^^^ 4 

t.n^mWLlt. h/l-^Jt^T r e f |CS<5^^TA^^ 
«t«15rSib-t-S^K)1S^t!iS?M2 5riix.. flfemSba 
^l(iJ|g2(73i;»ilimS<S:«emt(;iS':3i,^T h/u^Jg 
r e f ^ffi«-r?.»^^^t«mtb1«SlJ^fll$la('*;v^ 

r e f t(iS<5^^T^S^«;til«aft{iRh 0mt«l^m 
ifl^mSiiS h a> m t 5r«tti- 1 

oir. HMteJt^e r e f i:BuiEiiS«;l!)<imft{iiMh e 
m t mtm^m.W)m.m.^m& hcomt (cs<5t ■^xv)\^^ 

[lf*«4] Jt^e r e f ^ffifit-f-5fg^^-gt§§4 

1 ^wm^t^'^wmmmm. 2m^. m^mshwm 
T r e f ^mmi-?>mtiMmm.mmmmM^ts\'^x . 
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mSiig h CO m t }i^fl:f!)1Sm?£^1'a h d t ^Stt1-5 

if ixttft;^-:/-tf-/< 1 2t. mmm^e r e f tmmm 
^m«imaaeB h 0 m t BuBEji^mftsaaiiS h o, 

t . AiW^itS It. h/i'^' ii-^T r e f l;:S':5^^Tft^t 

10 «ta 1 i:mwi-t^mw)mmmmwi 2 5r«i. ffiiEmnja 
mW)mm2<om.W)m^mM.m.emticm^\'^x viv^n 

T. nmimm^m.2(o-im^m^\\^^ =tnmamms. 

iSSS t s S(r^mf!l<SjliXt£S 9 n tffifS h/W^'ii^T 

r e f t(-S-r3V^T}i^^»)«mffifeSh 0mi:^i^« 
iS^a^S JiS h CO m t «S mft^aa^l-iL h d t itss; 

«i^il^T,&Sh 0 n t Sr«tti-5gtLM«;*-^f'-^n 

4 mIiEfi^0 r e f i:BufEjt^mtb^mffi<3:ah 0 

20 m t H«!e«i^mi!)ii^?tiis h a, m t Bfjfeit^mit^m 

^E^ah d i:StlfE^tSmi!)1«aixfiBh 9 n i:lcS'^^^ 
Th/U^Jg^Tr e f Sra^-f-Sm 5 SU^^g 1 

[ii*ii6i maimg3;i^ tt»j«i^»^g2co<^ft 
Srsay L . mi!)«iaft&g 0 m ^mk-t^ -mm^ 3 a 

m%^nmmm£'&m.Q m\z.^\r^x. ^Mmm.m.'^- 
e o ^mmx-mn-r^mmiB^mm 3 b . mrte 

«««&gM^{t^ 0 o ^«||T-S»tSt 9 . 

30 m3 c }:^m:ttzZtiW^t-r^n^mi-'5<Doh 

lO 0 0 1 ] 

[0002] 

g, 4ttjg<&ig4Sx 2o«*«a5g. 2iiasfjfflii? 

fi. 2 2l4;tyif-^<T-foS„ ll7^ct5V^T, 

S4 (4}i^0 r e f Sr^figL. $iJ»gB2 1 ICgfiti- 

f^^v -7:^^-/i^<DXofmmi±'^-<)-x'h'o . m.W)m 

50 T-fo<3, h/l-^li^Tr e f ^cS'^^^T^«)^itt;^^:4 



1. 



(3) 
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2) 



h e in(k+l)=h 0 ni(k)+Ts*ha)m(k)+0. 5*Ts*Ts*Tref (k) /Jra 

+0. 5*Ts*Ts*hd(k)+Ll*( e ni(k)-h 6 m(k)) ( 1 ) 

h o) m (k+1) =h Q) m (k) +Ts*Tref (k) /Jm+Ts*hd (k) +L2* ( 6 ni(k) -h 9 m (k) ) 

hd (k+1) =hd (k) +L3* (em (k) -hflm (k) ) 



( 



3) 

mm.2 114. tg^O r e f t tt^mi&^aftte* h 

h dllS'^^^T, iJ^roi h>'i-:?*g^T r e f 5r^5« 

T p (k) = k p * 
T V (k) =k V * 



fii^'i' V, k i nm'Amm'y^ t p t 



(eref (k)-h9ni(k)) 
(Tp (k) -htom (k) ) 



(4) 



( 



5) 



(k) =Ti 



(k-1) +k i *T V 
+ T i 



T i 

T r e f (k) =T V (k) 

f (ci-iSc^-ii:^*!::^^. «»)mmS^ffl 0 m^rit^ e 20 
r e f tC-ffc^-frTV^Tt. 7i-y-f-/<2 2(OmMcXo 

kv. k i $:ift<^^i-^,r i;45T-%fc„ 
[0 0 0 31 

3tEft»T% »tii!lS 2 0 (4fl;tl)«afiE{ia 0 mSrSiJ^ 

ml^)«tmftfil:a0mSr;^->'i^*-/<2 2f;iA;'3LTV> 
StWiiSSLTV^^o tr5T% *»Jti2 0t:ty 
^-^<-2 2t<Dm\Bmm^ii'0 . :ty-f-y<2 2l,ZAtl so 
L T V ^ 5 limibltaS^ufi 0 m (Di§*<DfitT'fo 5 ftid 

tiim e nt mmmm^am. e m t (Dt^mmtnc x , 

:fy-f-y<~2 2t^lEmmV^hfii\<^^ti)^h^o io 
X. mm^-Okp. kv, k i t:S<^iEi-5rt^5 
T'#/j:<7:f'?, mKi«im?tfiig0m^iSJtlcf£;:^$-iJ:5 

ztiix^u<^£^t\>^ommi>ih^tz, u-ox. rro 

«W<0S&f)l4. ;i-:/f-'-^<2 2lcA;'3LTV'>5<0«:m!& 
[0 0 0 4j 

ii!)«isijwiifii4, li^fl r e i^mmi-i>m^m^^4 

^« 1 ^mm-t^mmmmwimm 2 1 , buie««i^») 
mm2(omWimm^^m:Bmi:izm-5\,^x h/i-^m^T 
r e f ^^^i-i>mti^mmmmmwmm.\zi6\,-x. m 
mmmW)ms.2(o:^m^mmL. t<om'ShmmiE&w:e so 



(k) 



(6) 

(k) +hd (k) (7) 

m i stitzm.W}mmti&m. 0 n ^mm-t^mm'^m 3 

Sfliei;W)1t»iX^iz:B0 n tSflEh^l'^'it-^T r e f 

t (cs-^v >Tji^i:W)«mftfiEB h 0 m ^g^-r Six 

S«^y-!f-/<6 HfifE*g^0 r e f t B(llEti3t«»l 
«m?t{iah OmtlcSo'V^T h/V-^Jt^T r e f 

^lEm^ii^^'ti>^tiiiX'^i>(r)X\ mm^-f^k 

p. kv. k i %:m<m-&-r^ztf>-x'^. mmmm.^ 

[0 0 0 51 ^2 C.^B^(Djljxtt^l;«l«$'JMi^S(4, 
fi^ 0 r e f ?r««t-f 5ig^|g4S4 i , fti5(f«l« 1 

t. ^/^^'}t^T^ e f (^S<3v>Tftlt««l ^lEft-t- 

s««)«iKii)i^e 2 i: . Bufesfta^ift^a 2 <om.mm 
i>mixmmmmmmmmmiz)s^'x. m.mmmmmm2 
wmmtifiLm. 0 n %:mmi-^mmmm. 3 1 . Bufsanbit 

mtlitme n iTBtilE h/Wi^Ji^T r e f tf^S-^l^Ttt 

SttSimfi&ah 0 mtm^mmm^iEf^iih dt^ 
mwi-r^mt}^mm:t^-f-^<8 1. mum^^e reft 

d i:l;S-:5^,^T h/i-^'Jt^T r e f ^gSti"?)^ 2®J» 

mmmtE^s. h d 2 *J^sl^ge 7 jcttft-r ^ - 1 r-. 
^^mm 1 ^aiftsiigibiifi 2 /f if i^^i-a^isff^i-sa 
#5, 



(4) 

5 

[ 0 0 0 6 1 n 3 <o?^m<Dsti¥smm.«mMmmm.ti. 
Jt^e r e f immi-^m^%±^4 1, M^mwn 

t:' h/l'^'Jg^T r e f (cS^^^TAiWSI«l 5r^tt|-t- 

^mmmwmimm. 2 1 . m^mMimMWimm. 2 nmrnm 

m?£fi:*9 mtlcSo*^^T h/w^fi^Tr e f S^^itt-f 
»ixefi0 n tttJtShyl-i?}t-^T r e f tlcS<5l,>T«l 

smuifiima^K h e m t Jtsmtii^a^tjig h w m t 10 

Sr»«-t-5iltlliffi;i-yf-'-^< lot. HtriSJi^ Ore 

SiS^Sh Q)ini(CS-^l.>T ^/^^'^t<&T r e f ^Stti" 

t-5::ttcj;i9. (1 3) ^O^^glSlci^iiiSm-i- 
Sr J; "^iS^^I'Je^^SJP^t SiJ^'JrVVkp. k 
V. k i Sr$btCi«<^^-tS^i:i65T-^, miblSafi 20 

[0 0 0 7] m 4 (DiiB^(^aix««mtt«afflKg«. 
}t^9 r e f ^mm-t^n^^^^'^t. ^^mmi 

(0^1&i:mm L, ■?:ro«ibaa?5Effig Omit) atifcm 

2t. Miefg^e r e f tmmm'^mmmw&iiLW: 
h 6mt mmm-&mMm^&m& hwmt BtriEJi^mui 

a^&^ah d t{cS-:5lvT h/U^II^T r e f i£rS« 

i-^>m4Mwmsi 1 t^m^tz^t^^wi.ti-^h<^ 

If. iiSSibaaft^ah d^B2*j^$ia7i;i 

1-5 r t i: tj . 1 "^mwimmmmm 2 i-ic 40 

[0 00 81 m 5 o^?qwaH««Stb^W$?Bil. 

Jt^e r e f ^rSttf 5Ji^^^S4t, 1 

t. h^uif^^T I e f ^c^'5^^TA^^^st^l^r^Kpi- 
•5a;tbffil2^ftgg 2 i: . HtFiamidm^idsig 2 (ommm 

aS<iffiemil::S-:5l,>T h>'i'^Jt<^T r e f ^ii^tl- 
id^iiixtflts 0 n irmm-r^mmmm. 3 1 . mmmmm so 
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iiixfege nttfiSEh/u^'ti^Tr e f t »rS':5v>-Clt 

SmiftlSaSfig h 0 m i itSStb^^^ffiifg h £0 m t 

ii£«iti«mi£^^ah d ttt^ssj^aixfitth 0 n t 
Sr»«t-5a^^^iffi;^-y■!^wn 4 mmm^e r e 
f t miss.m^mwim^iE&m h 0 m t BuswDtmnims 

«ttl«gix{!igh 0 n i:(c:S'^^^T h-'i'^'Jg^T r e f 
Srttttl-smsfiJ^SIgl 3t^m7.1tZti:«l^mt-t 

itllf. JE(C. SfjlEJg^e r e f i: mlfElt^mibasKSE 
#:g h 0 m t milEJi^miiftimffiiSS h 0) m i BufEitS 
mSllSaS^gLh d t BufBit5£S«i6jIh^gh fl n t 
(cSo'^^T||5S^J^»gl 3^«^-r?>r ti::J: H 
5 |iJi9^g 1 3 i)i±Tlk^y ^ - Vy< y ^ WS^lh ttc'O. 

r 1 1 ^^i: t) . *i^««c 1 -^«i!i«^«iilg 2 /J t'jc;^ 

J: "9 iESlCilC^ r i: ;45T-# -So 
[000 9] ^6 (D^0^(Oiin««ai!):^©Ji9^g»4. 

a?t^5g0mtCS'^^,^-C, ^tb«fig«^ffl#0 o^M 

i^T-ig{ff-f 5iti^{B^5i(iS3 b mmmmm&imm 

ft«ilixffig 0 n ^g*i-^)«^{t^S^S^ 3 c i: ^« 

tt«KiWJ»^gt::J:ixli, Jllc. «Ki«cDffigtS«^ 
«^T-tei|ti- -5 t ic J; o T . aSiJ$^g;6> ^ ;t 

[0 0 10] 

1«*J»Slgl4. r e f ^lrg#t-^.5fg^«:tS§4 

1 =tmm-r^m.mmmmmm 2 1 . tfHESSj^igK) 

i^lg2OttSb^Sa&^^«0mi:lcS-:5^^T h/u^Jg^T 
r e f Sr«*i-5anffi«m««S9fflliSg-efooT, 

i!i«iieif)i^g2(D^fli^issijL. -teDStdffimafiLBe 
m i 9 if tLfcswiaatt^ag e n ^«fit-r saaiji^g 3 
tui^mmmmti^me ntmm h/^^i^m^T r e f 

ti^^y-t^'-^<6 Huiati^e r e f tmt&m&mm 

tSaSliah flmirlcS^V^T h/U^'jt^T r e f 5rS 

m-ti>mimmmm.5 tA^hmi^^h,x\,^i,o t.-rmM 



(5) 



lO 0 1 1 1 



en (k) =em (k- 1) 

IBh/l'^J'Ji^T r e f irlcS^I/^T. M)^ 
m«l«aafiigh e m^mm-t^, tztcL. L l ~L 4 

hen (k+1) =hem (k)+Ll* (On (k) -hOn 
h e m (k+ 1 ) =h e m (k) +Ts*h to m (k) +0. 5*Ts*Ts*Tref (k) /Jni 

+0. 5*Ts*Ts*hd (k) +L2* ( 6 n (k) -h 6 n (k) ) 
h c» in (k+ 1) =h o) m (k) +Ts*Tref (k) /Jm+Ts*hd (k) +L3* ( e n (k) 
hd (k+1) =hd (k) +L4* (en (k) -hen 

m 1 um'&m. 5 tt, mfsji^ e r e f t m^m-^mwm 
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(8) 

So 



(k) ) (9) 



(10) 

hen(k)) (11) 
(k) ) (1 2) 

★ k V nmmmm^'>( v. k i am^mm'^f-f t p n 



dium (k) =heTO (k) -hem (k-l) 

Tp (k) =kp* (eref (k) -hem (k) ) 

Tv (k) =kv* (Tp (k) -dcom (k) ) 



(1 3) 
(14) 



1 5) 



Ti (k)=Ti (k-l)+ki*Tv(k) 
T r e f (k) =T V (k) +T i (k) 



(1 6) 



1 7) 

[0 0 12] ^(on^<r>i^M<,zi.i\\t, aa3Slfi3(c# 

«^1-Sr ttcj;*}, h em7J5 0m^jE?t(C*t^^-erS 



( 



/its, mipmmmsi:. ikna 



, k V , k i Sri^< a 
= k p * (e r e f (k) -h em 
= T i (k -1) +k i * T p (k) 
= kv* (Tp (k) -dcom (k) 



(k) ) 



) 



nm^^ V k p 

Tp (k) 
Ti (k) 
Tv (k) 
2 0) 

T r e f (k) =Tv (k) +T i (k) 
2 1) 

Tp (k) =kp* (eref (k) -hOm (k) 



U 8) 
(1 9) 



) 



Ti (k)=Ti (k-l)+ki* (eref (k)-hem 



(2 2) 
(k) ) (2 



3) 



T V (k) =- k V * d wm (k) 



( 



2 4) 



Tref (k) =Tv (k) +Tp (k) +Ti (k) 



(2 5) 



[0 0 13] tiT. ^^^<D^2(r>nimm\z^\'^xm 
e^-rSo n 2 i4*^pj(7)^ 2 nmmnm^^^-r^^ v ^ 
mmxhh, S2ic*i-J:^{;:. m.iv^'^'^wmm^ 
Mti. *i^e r e f ?r»tti-5ii^ig4ss4 ^mm. 

h/l-i^fi^T r e f lc:S'^V>TAlS^«l ^12 

Wi-t^m.mmmmmm. 2 1 . m^mmmmmms. 2 o« 

i!l«mfifiiSemi:(;ia'^lr'>T h/W^'li'&T r e f i£rffi 



SLh d tlC«-^V>T h/l'^'Jg^Tr e £5:^^-1-5^2 

814. Bute (9) ~ (12) ^(OXoim^^h,tziy(7) 
Xi)ivi-£X\,\ m2SiJPi^E7l4. HUlEJt^e reft 

[0 0 14] 



dwm (k) =hem (k) -hflm (k-l) 



(26) 



9 



Tp 

T V 



(k) =k p * 
(k) =k V * 



(6) 

(fl r e f (k) -h Om (k) ) 
(Tp (k) -d(om (k) ) 
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(2 7) 

( 



2 8) 



Ti (k)=Ti (k-l)+ki*Tv (k) 
Tref (k) =Tv (k) +T i (k) + h d (k) 

mm9)mw:2^£tim^ii^:^-ri,m'^t. m.mm^& lo 

mi-i>n.mmmmmw: 2 1 . mmm.mm,mmms. 2 
WimmE^me mtizm-i\>^x vji-^m^r T e f srs 
Wi-t^mtimmmwmmmmmx'h-ox. mmmmw)-^* 

Tp (k) =kp* (flref (k) -h9m (k)) 
Tv (k) =kv* (Tp (k) -h£om (k) ) 
3 2) 

T i (k) =T i (k -1) +k i *T V (k) 
Tref (k) =T V (k) +T i (k) 
3 4) 

loo 1 71 zommmmici:fni. ^mmiff^m 

mSiSSh (ommmLX-7^-h'y<'yi^i-h:.t\ZX 

m<-tztr-X'^Z(7yx\ msmm'^s.Q^x'omm^^ 30 

t;iiav^$!)^^i/i'9, Sij^-y-f >- k p , kv, ki^$ 

[00181 :^^m<Dm4<Dmmmm\C'o\,^xm. 



(29) 
(30) 

tzmmmmti&m. e n ^m^i-^mmmm 3 1 . mmm 
mmmti&ime n tm^h/i^^m-^T r e f t\:im^v^ 
xm^9.mmm^&m h e m t ffismisiaaffiiis h o) 

r e f twteitsmtbisma&Bh e mi mFiaJt^^ift 

aaftiiShtomifclS-^l/^T h/u^Jg^Tr e f Srti 
1 0 {4. miU (9) ~ (l 2) ^Wi^f-^ 

^0 r e f tnt-mm^mmm^mmh emtmmmM 

^fS^TT e f ^»tt-r5„ 
[0016] 



(3 1) 



(33) 



( 



( 



Stt. }g^e r e f %:mm-r^i^^^^^4 ^^m 

f!)«a^E^^LM9mt(;:So•^^T h/U^J'fg^T r e f SrS 



fftHgixfeae n tBtjlfih/Wi^fl^T r e fi:(;lS-^^^ 

2 Hut2ji^0 r e f tsuiEitsmtiiaaa 
ffig h 0 m t m^m^mwmm.ttm& h <» m t Huistt^ 

mSbM^ffi^l-ah d i:(cSo-^^T h/V-^fi^T r e f ^ 
Stt1-6S4ftlJ^^«l 1 i:;{)^t>«^^iXTV^5» Six 
ttffi^:/if-^<l 2«:. milH (9) ~ (1 2) ^WJ;? 

[0019] ^4 $IJ»^B 1 1 it. mitefg^ 0 r e f t 
40 ».(OXoiz, h/V-ifm^T r e f 4r«W1-5. 



Tp 
T V 



(k) =k p * 
(k) =k V * 



(9 r e f (k) -h 
(Tp (k) —hwm 



»ni (k) ) 
(k) ) 



(3 5) 



( 



3 6) 



-1) 



T i (k) =T i (k 

Tref (k) =T V (k) 

[0 0 2 0] z(Dmmmm\ziiix{i. ±mm3(Dmm 



+ k i * T V 

+ T i 



(k) 



50 



(3 7) 

(k) +h d (k) (3 8) 



(7) 



11 



10 0 2 1] 



Tp 
T i 
T V 



(k) =kp* Oref (k) -h0m (k) ) 
(k) =T i (k -1) +k i *T p (k) 
(k) =k V * (T p (k) -ha>m (k) ) 



4 1) 



Tref (k) =Tv (k) +Ti (k) + h d (k) 
Tp (k) =kp* (flref (k) -hflm (k) ) 
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(3 9) 
(4 0) 



(4 2) 



(4 3) 



T i 



4) 



T V 



(k)=Ti (k-l)+ki*(eref(k)-h9m(k)) (4 
(k) =- k V * h com (k) ( 



4 5) 



Tref (k) =Tv (k) +Tp 

[0 0 2 21 SIT. :^wmm5(D^mmm^^\'^xm. 

g(±, Jt-^e r e f 5li^^^S4 

h/l'^'Ji^Tr e f ^C^-:5v^TAi^^tt^l5rlg 

Wi-t^mmmm'^m. 2 1 . ■mmmM^mmmm. 2 nm. 

ibamSfiSe mt(CS'^^^T K/l-^fg^T r e f 20 

fznMim.mH{tm. e n ^mm-r^mmmm s t . mw.m 
mmmiviiLme n tmrnhJ^^m^T r e f t[cm-i\'^ 



(k) +h d (k) (4 6) 

* r e f t Buiait^mi&aaft&ah dmtmtm&mm 

It^SSitSatLteMh 8 ntizm-i\'^X h/Wi?}g^T r 

e f ^mm^bf^smm'^mi 3 tt^hmm^tix^.^ 

5. iltttt^^y-r-y<i 4li. milE (9) ~ (12) 

^(Di.oimf$.^Mzi,<DX'hixax\^\ ^smmmm 

1 3(1. Mteit^e r e f irmlfElt^SgimftfeMh 
0 m t stj|E«^«»)«mS5i-S h (o m <t milEJt^ffilbli 



L > k p n 1 &s.Mm ^'-r : 

10 0 2 31 



k pmli||2f2:S 



Tp (k) =kpn* ( e ref (k) -h 0 n (k) ) -kpiii*h dm (47) 
Tv (k) =-k V *hwm (k) ( 
4 8) 

Ti (k) =Ti (k-1) +ki* (9ref (k) -h d n (k)) ( 
4 9) 

Tref (k) =Tv (k) +Ti (k) +hd (k) +Tp (k) (5 0 



) 

[0 0 24] ^(o^mmm\zxtiii. ±.i&m4<omm 
m^mmmmtiiiLWih e n ticso-v^Tm5S!i^$iBi 

-^«iMi6m»giS2?iifjc:^ads#&-rs4g^t>. Sib 

[0 0 2 51 WT, *^?q©m6<7?^^§ff^ffi(;::o^,^Tia 



mMis^e o^mmxmn-t^bmmm-^mms b, m 
mi:m.mL, ^^^'^'(Diio^iT'i^i'^^mmmmx'fgim 

•?> A;^^?^^T^^5mSb«^?^^>IMem^l/2$fJ»j5 

50 19 l/2S!jffllfflXST s/2(Z>^fB^jm*S#&LTV^-5„ 



(8) 

13 

fl n (k) = e m (k+1) 
5 1) 

x'mmi:m<i-zti'^x-^i,(Dx\ mmmmmmm.2 
t'knmmi tirmmmx-mm-r^m^. §im(o=':^h lo 

[0 0 2 6] 

>'kp, kv. k i ^m<mMi-^zttiX'^. mmm 
mismmft ^SL h d ^ s 2 $iji9s?a 7\z^m-r^:it 20 

0« :ti^«fe^i-^«ib«iE«)Sg2/j:flc^ads#fiE-r 
MIC. «l^«i!)m^«Ea*ha)mipJfflLT7^- 

itSff -^-cD^rB^iinsrfiK -r ;i t d^x-t scot-, b a aij 

kp. kv. k i ibtcffi<5S:S-f?)r ir^^x-t, « 

w 1 1 7i 9 . 1 "^mmmmmmm 2 t'lc^i-sL 

m«1imS{4SeinSrJ;')igiig. J; 

^mmmmmmmmizarnt. jejc. mi^it'^fl r e f 
t Bfis«it««j<sm&(5g h 9 m t fiisttsmKi^^a 

iig h 0. m t Bfifs«s«i*i«m4^a h d t HuiEitsi; ' 
mmmtiitmh e nt{zm-^\'^x^5mmmsi 3^m 40 

fiitt-S:: tlci "9. m5$fj»|^ei 3;J5^2>:7c7^- K 

«igiti$?g2/it'ii:$i-a/!is#ft-rs^-g-t. m,mmm^ 
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9 n (4. mitl«e««E^{f ^ 0 o J; t? 1 / 2 ©J 
»J1«T s/2<D^rBliiixX*i#?£LTl^S<, S6oT. 

( 

So a*3l61Eeo»ixffi(Sl;«)SSiJ»S^glcJ;nif. 
Sl^s «t!i«rofii[B««i&*IIST-fei^1-S^ilcJ:o 

T-# S(7?T\ mmmmmmm. 2 1 1 1 ^mm& 
[112] z<om^a>fR2(omm<r>mm(omrimmmwsm 

[12131 w(7)||B^<D^3ro^JgcDJgffi(Oiintt««l!)« 

[114] z(omm(om4<7)mmmm(D»timmmw)m 

[116] rco^?«(^m6o*ifecoff$^,(75ilti;ffi«m«j^ 

[m 7 1 v^moymwrnmrnrnmnm^^yp-tr^o y^m 

[«-§-©|jiPj] 

1 ^mmw. 1 

2 «»)<tig«)igg2 

3 mymm.3 

3 a ^Mffl^ 3 a 

3 b SSIillft-^-^faS 3 b 

3 c •^{f-^SfiSSc 

4 }g^^^S4 

5 mi*iJ^ilfi5 

6 gtvtttt;^-yf-*-/<6 

7 %2um-&m.5 

8 iltT.tt«;i->^1J-'-^< 8 

9 ms^l^^Bs 

1 0 iiltbttffi;d-:/1f-/< 1 0 

1 1 ^AU^^m.b 

1 2 iin«rffi;i-yif-^< 1 2 

1 3 ^ssijpiias 

1 4 1 4 

2 0 HIR^S 2 0 

2 1 mn^m. 2 1 
2 2 



(9) 
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F^^'-A{##) 3D033 CAll CA20 

5H004 GA03 GA07 GAIO GA34 GB15 

GB16 HA07 HB07 JB21 JB22 

KA72 KB02 KB04 KB39 MA55 
5H303 AAOl CC05 CC06 DDOl FF06 

KK02 KK03 KKll mm 
5H550 AA18 BB08 DD03 DD04 DD06 

GGOl GG06 HB16 JJ02 JJ04 

KK04 LL07 LL22 LL34 



